Major pancreatic injuries are among the most complex intraabdominal solid organ injuries to treat, especially when combined with adjacent organ and/or major vascular injuries. 1 The close anatomic proximity of the inferior vena cava, portal vein, superior mesenteric vein and artery and aorta to the head and neck of the pancreas make these critical vessels vulnerable to injuries involving the proximal pancreas. Outcome is influenced by the cause and complexity of the pancreatic injury, the amount of blood lost, duration of shock, speed of resuscitation, number and type of associated injuries and the quality and magnitude of the surgical intervention. In particular, gunshot wounds have the propensity to inflict substantial damage to both the pancreas and the peripancreatic vasculature with potentially dire consequences. The overall mortality rate of abdominal vascular injuries is 30% but may be as high as 68% for large capacitance visceral veins which is further compounded by the addition of a major pancreatic injury. 4 Most early deaths are due to exsanguination after visceral vascular injuries rather than due to the pancreatic injury itself, 3 while late mortality is generally a consequence of pancreas and adjacent organ damage resulting in intraabdominal and systemic septic complications or multi-organ failure. Background: Major pancreatic injuries are complex to treat, especially when combined with vascular and other critical organ injuries. This case-matched analysis assessed the influence of associated visceral vascular injuries on outcome in pancreatic injuries. Method: A registered prospective database of 461 consecutive patients with pancreatic injuries was used to identify 68 patients with a Pancreatic Injury combined with a major visceral Vascular Injury (PIVI group) and were matched one-to-one by an independent blinded reviewer using a validated individual matching method to 68 similar Pancreatic Injury patients without a vascular injury (PI group). The two groups were compared using univariate and multivariate logistic regression analysis and outcome including complication rates, length of hospital stay and 90-day mortality rate was measured.
Introduction
Major pancreatic injuries are among the most complex intraabdominal solid organ injuries to treat, especially when combined with adjacent organ and/or major vascular injuries. 1 The close anatomic proximity of the inferior vena cava, portal vein, superior mesenteric vein and artery and aorta to the head and neck of the pancreas make these critical vessels vulnerable to injuries involving the proximal pancreas. Outcome is influenced by the cause and complexity of the pancreatic injury, the amount of blood lost, duration of shock, speed of resuscitation, number and type of associated injuries and the quality and magnitude of the surgical intervention. 2 Mortality ultimately correlates with the cumulative impact of all injured organs and the total Injury Severity Score. 3 In particular, gunshot wounds have the propensity to inflict substantial damage to both the pancreas and the peripancreatic vasculature with potentially dire consequences. The overall mortality rate of abdominal vascular injuries is 30% but may be as high as 68% for large capacitance visceral veins which is further compounded by the addition of a major pancreatic injury. 4 Most early deaths are due to exsanguination after visceral vascular injuries rather than due to the pancreatic injury itself, 3 while late mortality is generally a consequence of pancreas and adjacent organ damage resulting in intraabdominal and systemic septic complications or multi-organ failure.
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No other studies have assessed in detail the outcome in patients with pancreatic injuries when associated with specific visceral vascular injuries. Our group has previously evaluated multiple aspects of pancreatic trauma and has sufficient mature prospective granular data available in the high volume academic trauma centre to investigate organ-specific research questions. [5] [6] [7] In view of the current lack of high quality clinical evidence the purpose of this data-driven analysis was to test the hypothesis that patients with combined pancreatic and major visceral vascular injuries have a worse outcome than pancreatic injuries without associated vascular injuries. In addition, the deleterious compounding consequences of specific and multiple associated vascular injuries were analysed. To accomplish this objective we performed a matched control study in a large cohort of consecutive patients using robust and reliable methodology and objective and reproducible clinical end-points.
Patients and methods

Study design
Following the STROBE guidelines for observational studies, 8 a comparative case-matched analysis was done of consecutive patients who had a pancreatic injury combined with a major visceral vascular injury (PIVI) between January 1995 and December 2015 with pancreatic injury patients without a vascular injury (PI). Patient data were retrieved from a faculty approved and registered prospective database of all patients with pancreatic injuries treated in the Level 1 Trauma Centre and the Hepatopancreatobiliary and Surgical Gastroenterology units in Groote Schuur Hospital, Cape Town. Patients were manually matched one-to-one before outcome measures were reviewed in terms of type of interventionpancreatoduodenectomy (PD), distal pancreatectomy (DP) or non-resection -by an independent reviewer according to a validated individual matching procedure. 9 To reduce bias, investigators were blinded throughout the selection process to the primary and secondary end points in both groups during manual matching. Peri-and postoperative outcomes were compared between the PIVI group and the matched-pair PI group. The study design and analysis were approved by the appropriately convened Departmental and Institutional Ethics and Research Committees (HREC 293/2011). Data validation and quality-control procedures followed accepted international Good Clinical Practice guidelines and the study was conducted in accordance with the Declaration of Helsinki.
Data collection
Patient data collection, transcription and entry were performed by a trained surgical clinical reviewer and validated by a senior staff surgeon. Reliability audits were conducted on a regular basis to ensure data quality. Comprehensive details of the database have been documented previously. [5] [6] [7] 10 In short, data recorded for each patient used a specifically designed binary and narrative form comprising 60 items with 54 data fields. Variables recorded included demographic data, mechanism of injury, revised trauma score (RTS), associated visceral and non-visceral intra-as well as extra-abdominal vascular injuries, anatomic site and grade of pancreatic injury, operative findings and surgical management of the pancreatic and vascular injuries, the presence and type of pancreasrelated and other complications, duration of hospital stay and mortality. Duration of hospital and ICU stay were expressed in calendar days.
Definitions
For the purpose of this study a major intra-abdominal visceral vascular injury was defined as an injury to either the aorta, inferior vena cava (IVC), portal vein (PV) or the superior mesenteric, renal and splenic vein or artery. Standardised definitions for events and outcome were used. Shock was defined as a systolic blood pressure less than 90 mm Hg. Pancreatic injury grade, 11 pancreatic fistula, 12 organ dysfunction, 13 infectious complications and septic shock 14 were defined and graded according to international consensus guidelines. Damage control laparotomy (DCL) was defined as an abbreviated emergency trauma laparotomy that required temporary abdominal closure and secondary definitive surgery. 15 Morbidity was documented as systemic, intra-abdominal or specifically related to the pancreatic injury. Mortality was defined as in-hospital death due to any cause.
Initial management
Our general approach to complex pancreatic injuries has been described previously. [5] [6] [7] 10, 15 Initial resuscitation was according to Advanced Trauma Life Support (ATLS) guidelines. Rapid preoperative evaluation included relevant physical examination, endotracheal intubation when necessary, insertion of resuscitation lines, selected trauma abdominal and cardiac sonography and chest radiographs. Urgent laparotomy was performed in patients who had clinical signs of peritonitis or evidence of major intra-abdominal bleeding. From 1995 onwards, haemodynamically unstable patients who had associated organ and visceral vascular injuries had an initial DCL before later definitive intervention.
Operative management of pancreatic injuries
Operative management of pancreatic injuries was based on the haemodynamic stability of the patient, the magnitude and extent of associated injuries and the location and severity grades of both pancreatic and duodenal injuries, details of which have been published. [5] [6] [7] Minor lacerations of the pancreas without visible duct damage (AAST grade 1 and 2) were managed by suction drainage. Grade 3 injuries of the body and tail of the pancreas were treated by DP. Splenic preservation was used in haemodynamically stable patients. PD was restricted to patients who had non-reconstructable injuries due to destruction of the head of the pancreas, duodenum or ampulla (AAST grade 4 and 5) and was done as a primary procedure during the initial operation if the patient was stable or as a secondary staged procedure after the DCL. 7, 15 After resection suction drains were routinely placed.
Operative management of vascular injuries
The repair methodology, either direct primary repair, endto-end anastomosis, interposition grafting or ligation, was determined by the patient's intraoperative physiologic status and the complexity of the vascular injury. 16 The extent of operative exposure necessary was dictated by the site of the injured vessel. Urgent control of PV bleeding was achieved by the Pringle manoeuvre. Primary venorrhaphy was the preferred intervention in stable patients with PV injuries, but other operative strategies included ligation, end-to-end anastomosis and interposition grafting using harvested vein or Goretex were used when necessary and technically feasible. Access to the retro-pancreatic PV and superior mesenteric vein (SMV) necessitated division of the pancreatic neck for exposure in order to control the venous confluence. Lateral defects in the SMV were repaired with interrupted 5-0 polypropylene sutures. Extensive SMV and infrahepatic IVC injuries in hypotensive patients with profound shock were ligated.
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Damage control laparotomy
The decision to use DCL in critically injured patients was based on injury pattern, clinical status and the presence of severe metabolic acidosis (pH < 7.2), lactate > 5 mmol/L hypothermia (core temperature < 35℃), coagulopathy or > 10 units RBC transfusion.
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Management of postoperative intra-abdominal, pancreatic and duodenal complications
Postoperative intra-abdominal collections were drained with ultrasound or CT guided percutaneous catheters.
Endoscopically placed pancreatic duct stents were used for persistent pancreatic fistulas and covered self-expanding metal duodenal stents were used for complex duodenal leaks or fistulas.
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Study endpoints
The primary end points were overall in-hospital morbidity and mortality. Total operative time, intraoperative blood loss and length of hospital stay were secondary endpoints. Postoperative complications were recorded prospectively and graded according to the Clavien-Dindo complication score. 19 When more than one complication occurred in a patient, only the most severe was taken into account for calculation of the complication grade in that patient.
Data analysis
Descriptive statistics reporting medians with ranges, and frequency distributions, were used to characterise the cohort. Between-group comparisons were made using the Student t-test or Wilcoxon sum rank test for normal and non-normally distributed data respectively. The Pearson's χ 2 or Fisher's exact tests were used for analysis of categorical variables, and odds ratios (ORs) with 95 per cent confidence intervals (CI) were calculated. Univariate and then forward stepwise multivariate logistic regression analyses were performed to identify factors associated with the occurrence of complications. A p-value 
Results
Of 461 consecutive patients with pancreatic injuries in the database 68 with a PIVI who required urgent surgery were matched to 68 with a PI without a vascular injury ( Table  1 ). The groups were comparable with regard to mechanism of injury, AAST grade and associated injuries ( Table 1) . Although the control group was older by a median of 5 years (p = 0.0462), there was no statistical gender difference between the two groups (59/68 men in the PIVI group vs 63/68 in the control group, (p = 0.259).
Patients in the PIVI group were more likely to be shocked and had a lower RTS than the PI group (Table 3 ). In the PIVI group 31/68 (45.6%) required a DCL compared to 10/68 (14.7%) in the PI only group (p = 0.0001). Mortality rates after DCL were similar, 65% (21/31) in the PIVI group compared to 60% (6/10) in the PI group (p = 0.653). Sixteen of the 21 deaths in the PIVI group after DCL were due to exsanguination in < 24 hours postoperatively compared to 2 deaths < 24 hours in the PI group due to head injuries. Three of ten patients who had a Whipple resection in the PIVI group died compared to one of ten in the PI group (0.263).
The PIVI group sustained injuries as shown in Table 2 . Of patients with venous injuries 39 patients had IVC injuries and 17 (43.6%) died. Twenty-seven of the IVC injuries had a primary repair of whom 11 (40.8%) died. Twelve patients with profound shock and extensive loss of the caval wall as well as deteriorating physiological status with persistent hypotension, hypothermia, coagulopathy and worsening base deficit had ligation of the infrarenal IVC of whom 6 (50%) died. Eleven patients had an IVC injury combined with another visceral vascular injury of whom 8 (72.7%) died. Seven patients had PV injuries. Three patients had a PV injury only and all 3 survived after repair. Eight patients had either SMV only (n = 4) injured or combined with SMA or IVC or PV injuries (n = 4). All were repaired, and 2 (25%) survived. Four patients had triple vascular injuries with combined PV, IVC and SMV injuries and all four died despite repairs. Seven patients had aortic injuries repaired of whom 3 (42.9%) survived. Six of 17 patients (35.3%) with renal artery and/or vein injuries died, all of whom had other associated vascular injuries. Nine patients in the control group died, 5 of whom had associated liver and head injuries with DIC, while four died due to MOF and sepsis.
Overall mortality in the PIVI group was 41% (n = 28) compared to 13% (n = 9) in the PI only group (p = 0.0001). On bivariate analysis, the PIVI group were significantly more likely to (i) be shocked on admission, (ii) have a RTS < 7.8, (iii) require DCL, (iv) require a blood transfusion, both in frequency and volume, (v) develop a major postoperative complication and (vi) die (Table 3 ). On multivariate logistic regression analysis, only the need for DCL remained a significant variable (p = 0.015, OR 7.95, CI 1.50-42.0) for mortality. When combined with a vascular injury, mortality of AAST grade 1 and 2 pancreatic injuries was 18.5% (5/27) compared to an increased mortality of 56.1% (23/41) for AAST grade 3, 4 and 5 pancreatic injuries (p = 0.0026) ( Table 4) .
Discussion
This study provides strong evidence that pancreatic injuries, when combined with a major vascular injury, have a substantially worse outcome both in terms of morbidity and mortality. The case-matched controlled comparison demonstrated on univariate analysis that the addition of a vascular component to a pancreatic injury resulted in the greater likelihood of shock on admission, a lower RTS score, the need for damage control surgery, more frequent and larger volume blood transfusions and increased severe postoperative complications and death. While this observation intuitively may seem obvious, no previous papers have provided a detailed analysis of concomitant vascular injuries as a major risk factor for either disability or death in patients who have pancreatic injuries. We have previously shown in a stepwise multivariate logistic regression analysis model that 5 variables, age, shock, median number of units transfused and the presence of associated complications, were significant factors associated with mortality. 6 In a study from our unit of 219 civilian pancreatic gunshot injuries, age, shock on This study also confirms that pancreatic injuries associated with major visceral vascular injuries have a significantly higher complication and mortality rate than pancreatic injuries without vascular injuries and that the addition of a vascular injury with an increasing stage of pancreatic injury exponentially compounds mortality rate. Several other studies which sought to detect predictors of mortality in patients with pancreatic trauma identified surrogate markers for blood loss but have not included vascular injuries as a major risk factor for death. An analysis from the Scottish Trauma Audit Group (STAG) database identified overall number of injuries, age, male sex, blunt trauma and shock as independent risk factors for death 20 while increasing age, ISS and shock were variables predicting mortality after pancreatic trauma in an analysis from the Trauma Audit and Research Network (TARN) database in the UK. 21 In a study from Louisville, Kentucky, Heitsch et al. reported a 34% mortality rate in patients with pancreatic trauma and found that death was more common in the presence of a pancreatic duct injury and gram-negative sepsis (p < 0.0001).
22 Bradley et al. reported that mortality and morbidity increased when there was a delay in the detection of a pancreatic ductal injury. 23 In a retrospective review from Bologna, Italy, Antonacci found that age, AAST grade, number of organs involved, hemodynamic status, intraoperative cardiac arrest and operative time were strongly predictive of mortality on multivariate analysis. 24 Hwang and Choi from Korea reported that a greater than 12 unit blood transfusion and an initial base deficit of greater than -11 mM/L were significant predictors of mortality. 25 In a retrospective review of 193 patients with a pancreatic injury admitted to their Level I trauma center in Seattle, Kao et al. reported that the grade of pancreatic injury was an independent predictor of mortality (odds ratio, 2.6; 95% CI 1.2-5.8). 26 Visceral vascular injuries combined with pancreatic injuries are uncommon. Multiple associated injuries are typical, and act as important contributors to patient outcome. 27 In a review of pancreatic injuries due to abdominal gunshot wounds treated at our institution, 27% of patients had an injury to a named abdominal vessel, most commonly the IVC. 5 The mortality in the PIVI group in this study was 41% compared to 13% in the PI alone group. The reported mortality rate of intra-abdominal vascular injuries ranges from 32-54%. 4 Shock, coagulopathy, multiple vessels injured and acidosis increase the mortality rate 4 which exceeds 80% when the initial SBP is < 60 mm Hg and the base deficit is -15. IVC injuries accounted for 57% of the abdominal vascular injuries in this study of whom 43.6% died. Sixty-nine per cent had a primary repair while 31% with significant physiological derangement and extensive local caval injury had ligation as part of a damage control procedure. In this study, 28% of those with a caval injury had a second, major vascular injury, most commonly involving the aorta or portal vein. Clinical factors predicting poor outcome include shock on admission, persistent hypotension, anatomic level of the caval injury, associated visceral and vascular injuries, timing of diagnosis to definitive management, blood loss, requirements for blood transfusions, associated injuries, ED thoracotomy, preoperative lactate and base deficits, ISS, and GCS. 28 Hypotension on admission occurs in two-thirds of patients and is the most important determinant of mortality. A sharp transition in mortality occurs with an increase in the number of associated injuries. 29 Graham et al. reported that mortality increases to 50% with two vascular injuries and to 75% with more than two injuries. 30 Similarly, superior mesenteric vein injuries are complex and are often associated with portal venous and SMA injuries with a high mortality for combined injuries. 28 In this study, we found a similar mortality following ligation (33%) and repair (43%). In this study, all patients who had only a portal vein injury and a primary repair survived. Those with a second vascular injury had a mortality of 46.7% and those with triple vascular injuries involving PV, IVC and SMV all died despite repairs. In this group, surgical repair is technically difficult due to uncontrolled bleeding, difficult access and exposure and associated injuries. Mortality rates range from 50-70% and the most common cause of death is irreversible shock secondary to massive bleeding. The anatomical proximity of both the PV and the SMV to other vascular structures and organs explains the high incidence of associated injuries, and consequently a higher ISS, as observed in our series.
Several factors must be taken into account when interpreting the findings of this study. There are several limitations and caveats which may influence the interpretation of these data. Previous retrospective studies have focussed on the results of intra-abdominal vascular injuries alone and are hampered by discrepancies and weaknesses in their study design with limited numbers and selection bias. To the best of our knowledge this study is the first to investigate the detailed outcome of patients with combined pancreatic and vascular injuries. Unmeasurable biases may have had an influence on outcome and the results must be interpreted in this context. Despite extensive matching, our study is limited by its retrospective nature and relatively small sample size. Nonetheless, this study is the only comparative study using matched pair controls from a large prospective database which, in addition, minimised patient selection bias by using a blinded matching analysis. The strength of this study is that the data are sourced from a high volume academic trauma centre based on protocol driven intervention and collected by audited trained surgical clinical nurse reviewers to minimise measurement bias.
In conclusion, this study provides strong evidence that pancreatic injuries in combination with visceral vascular injuries have a significantly higher complication and mortality rate than pancreatic injuries without vascular injuries. Overall mortality in the combined pancreatic and vascular injury cohort was more than three times greater than the pancreatic sans vascular injury group. The PIVI group were significantly more likely to be shocked on admission, have a RTS < 7.8, require damage control surgery, require a blood transfusion, both in frequency and volume, develop a major postoperative complication and die. This study also showed that the addition of a vascular injury exponentially compounds mortality rate with each increasing stage of the pancreatic injury because mortality of AAST grade 1 and 2 pancreatic injuries combined with a vascular injury was 18.5% compared to a mortality of 56.1% for AAST grade 3, 4 and 5 pancreatic injuries. 
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